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USE OF MURINE MYOSIN HEAVY C?HL^INiBR^MO^TERS FOR GENE n 

THERAPY AND ^ ; . ^ 

5 This invention relates generally^,&ejuge=©f 

exogenous gem^xpres^gn^]^^ rel^s^<^$^ of 

trans-species ^stpated*^ sydi^^ S z ; 

heavy chjmrpi^ 

gene therapy, gene transfer, and afeotflSffc l&riv»PJ 

replaccrncr^iHer^^ • 
for numerou£tor^afii^ - 
15 oncludin^^ 

' that currently exists iatHe'fiel^j^^ 

vector s>*tc^^^^ 

20 treatmenh^os^^^a^^^^^^^g^^pic} ^^^^ft p.^aa^A:^ ■ 

expression. One of tft|ji£r^^ 
25 syste-ms^ega^^ 

wi l^qarryahe * e^ger^s^gen^^ 
30 provide only transignj^ if^po^^^^rs 
require^ftei^ 
populations 

tissue, : be,limitednf^frrW ^hr^vQ^ bvKifaool V> sq v £ ^ c* siAmt'ftts i.-;i.uv« ^iv^v? 
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transfer. Adenoviral* vectors have-sKowh ^Sitprorj^e^iri the atea. Theseiviruses can be 
grown in large quantities and can infect nondividirig cells. However, the adenoviral systems 
suffer from a limitation common ti&ffiS^^ limits the types 

cell&Mtd^wM^ : • n ^ /niftri ' 

' ■ A^omer -types of rion^ve'ctbr delivery "involves^ of naked ©NA.- Naked -DNA 
can be in the forriv of^aplasrmdVvirar^DN Ay or eDNAt - Naked DNA is tak:en ; iip?by, ;and->" 
belie\«#1^exp^ n ; , 
non-viral methods inc^e^J^sdiS^i^^^.^o'jwub«-jTq r $ : ^i;^r. :; • . 

A problem common to all vector systems is their cell or tissue specificity, or 
tropism. Some vectors, sucn^vlisl^^ 
For -example, the^rpplsn^fte 

hav«§^ 

cle^r|&fe^ ; C .> 
owr*ldv2^fs^^ 4 ,, 

inv^teusing th^^riati^ 

•P r °^^aivirl^|^^g^^g^^^^^^^^g^fe 
diseases would be arnenable to this type of localized application, thus limiimg^^ise^ts-2^ 
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Another approach involves the used of- targeted; ligands ^hich can. be.. ; genetically, c 
introduced into a viraT protein. VT^Sv^ 

genomes and-may.pr.may notbe e .. 

Alljpf the above? rnethqds: hayevthg. additipnallyf d^^ag^,-of3i|on-!^>^^c^. : . J !r^ey^;. • 
5 will be exposed, jyhi^^^gy^^^enrup,*|^t just:the-targeted ; :Gell]pr^ 

leadto :1 side,effe^ ;; and^ .: 
Skeletal Muscle as a target Tissue^ |J-y^^ jj^^A 

Musc^can be^a^a^ir^^ y Kf! n ,. •, 

includes cardiac and skeletal muscle; : 
10 sarcdm^fcgj^^ 

We are ; intereste^in^ ( ^x^f '^||^9^1^Ad ^^^.^kiatm '.^a&^b ■*»*■: ■ 
Decades of research in me, etiology , 

to the following conclusions: a) traditibnalftherap^ i 

disord^ha^. b^en, jtjb^tp 

15 merap^e|a^ssjb^ • 

•gene merap^g^^^ , • 

to <tiv^jg^^^ , 

that they aj$^;tj^ • 

20 . undejyred^i^^ ' 
tissue fgrj.g|ne^h|r^sh^ 
well as forjge^ajti^^ 

However,^&fjjjg^^ hvvi- ,, 

developed. ■ / 1 *a$&!^>$i$^^ ''f^m}mwP'& ri'jgn . I 

miujcles^uding^^ 

complexes; apd^nfectipn w m^'w^ . 

sequences^r^b^^es*- hay^ cells.* b;.^ i i 

; Douglas; J jVetyaHjl^ ait- /= v. ; 

30 strategy to modify the tropism of adenpyi^ ; >r i; - ... - 

Normally adenovirus infects epithelial cells o£tf^jes^ '-i^'iL 
introduceditargeting ligands ;into,the^ 

viral, protein .to the primary cellular ;! re t ceptor.. .^u^chimeric^eceptor changed the tropism of : ; L 



the viras^o^iascle; 0jjj$g'$$&im * 

mam^Mati^%|^^ fe- ? ^.nnjtor'f. i 

■'WP|e|^^ U>xrxn.: 
iiyectiolfoi^^^ 

5 199W*U^$^,^^ Ko- 
accommodate large non-viral g^^H8^^^fe^^^^j^i|i^^^^i^: ^ ,\ 
this system. N^iifciy;- viral, cytotoxicity arid.the .^fftten^it^^^i^^j^^^&lia*^!. : 
mutants t^g|||§i^ 

ihjecti6fti|^^^)^^^^?^c^^)^p^ '&|MT M^im'ttM^Azhwi -$0mx> t tti 
same drawbacks, Na^y^inefficiency df'^h^^^^^^^^^^^^vi ^' 

is ™>"^$®^ 

disease ^^^^^^^^^^j^^S^^^^^^^^^^^^^^^^^^rA-i ■■ ■ 

^^^^^^^^^^^^^^^^^^^^^^^^^^^ 

driven. by mxii^^^^^^^^^^^^^^^^^^^^^^^^^E 
length d>-sKonhi^ : gg^i|^^t al^4:| ||^ra^^ 
25 intr^ucci£^S|i|^ 

^ough^dirciii^^^^^^^^^^^^^^g^^^^^^ 
recombin^tTe^^^^^g^^^^^^l^^^^p^^^l^^^pi^a^c-; 

30 orge>etrf|j^^ 

reseafetfr^i^ 



15 



20 
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understanding /therole pf -these genes* in muscle d&velopment. In^additipn^ aj^al ^models of; 
muscle-specific: and cardiac diseases : could b$ : deyelpped^fprrjise. in researc^g^the^peutics; .; - 
La^yj;'m\xx}§z^^^o ty ecto^ systems.f could -be us^ irfytitzq^ tp jnpre ^efficiently transfer, ;; 
genes/irto,m\isc^ .v. va <Vi£?v- oh ^tr^i 



The invention is a selectively modified; m 
1 0 prptginjiexp^ess 




geite^teira^ 

tis^£rtfin>$^ ■ 
delivery: sy§j^ . 
' very afeigfe^ \3^^0^j&Jo 
species. Therefore, there hasviongrb^ 



One-pbjtotof^ 
in a muscle specific manner wluciv^ 

variants thereof which are capable of : expres^ing^ in a rnuscle-speeifi^ which is.. 




preferably, the promoter and exogenous DN A are contained in a. delivery system,, preferably, . 
25 a virus; plasmid, or li^om^ 

heartrspecific gene, anti-inflainm^^ 
gene. The muscle-specific geherisipi:^ 
gene, the ti©gMn : gg g^gs^^ 

systemic diseas^ v genes,are i?r£|^^ ,091 mil Ih J 

30 A further pbjeet^Qf^t^ 

DNA in a muscle-specific §ell|^^ ©f^ ^el^^g^i^ 

exogenous gene b) genetically attaching it to the murine mvoTsi^ 

variants thereof producing a promoter construct, such that the promoter controls expression 



using ^delive^!^^ : 
prori^tgf^ ■ 
exdfeniM E>N^iIt*a ^mfisGfe^^i3|e'^ gen&v "KejM^^ 

antisense DNA, ribozyme, or systemic disease gene. Mbti^^i^^^^^^^i^^S^e^$^ 
5 gene is the Dystrophin ^ 

thereof, dystroglycans, emerin, anid tropomyosin. More preferably, the systemic disease 
genes are Factor IX or dec^rinfii^^ a 
liposome, or Naked DNA. : the exogenous DNA can be delivered to said celU organism, or 
tiss^&vi^^ b^lpiocti- ^w^t^%zi :ifeiMsvqx-bjrr 

1 0 x&M$^ 

specMp^^^ioffifS 
gene>*#^fi>!^^ 

hea^feMM ~ 
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stria^^ 
speeific^ 




290*f 

25 Figil^i^ .Ifc^ia/^/ 

Alpha CAT line'-^ % -^l^^^J^^^^^^^^^^^^^^^m^^^^ mmmz 
30 c&a^(pi^^ 
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Figures -5 A-5B G AT expression driven by the mouse p-MyHC: prompter , in transgenic 
rabbits;^ A. Beta.CAT line 492 cardiac, expression. B . Beta CAT line ,492 muscle expression.. ^ 

)o vr^l^ . - : < - . • . . v :.y. m / . ,• . v ; \ v ''"'- \:hi.: 

DETAILED DESCRIPTION OF THE INVENTION - -\ x t ; ; • 

5 . '. '■ >;/ " -■■ V ', \V v ^■..:-v : :--- v 

^^The^p^ese^^^ invention relates < to the .- use- of modified* and unmodified ' myosin 
prbmpters^frpm ah .exogenous species, that, Hri^ expression; in striated ^ , 

muscle tissue.. J ^^iprom^ers^^ ,the : present invention: are; substantdallyT inactive:^ 
mu^le^is^ This; tissue specific; activity ^ the; desired degree; .wj, 

1 0 of sp^ifi%^|to 8£. c : 
unobtainable* fp^^ 
stiia^ 

1 5 effi£a£^^ the pi^motershof the?^ ; "cf: 

p!£^n£^ y 

skelegt^mus^ ^isprjders | , rlh ^addition^ these:^ ( : ; 

' ■ ^"^l y>0' ^'P^Oy W</'y%fr ^ , • ■ .'; V' : ^ : , * ; < ' •.. ' . -,V 

syst&ipw^ 

AdditibMiy; $iifcei ; 

20 pc&sibil^ ; -.V ' 'C^O 

YlJ^heymtip^u * - : 

accomgh^ 

25 liposomes/haked DNA eon rknown Jo those bf sldll in the^H^ j r eg 

^£Ex^ 

efficient but-haye. the disadvantage that current vectors ^only; incorporate, into proliferating ^ ; v5 
cells. ; Current work, on modifying the vectors so that they incorporate .into nonproliferating : - t 
30 cells is showing "promise. Another example > of a suitable ' yiraJ vector system ; is' the - j- 
adenoviral : system/ % Adenoviral; vectors will incorporate; into npnproliferating, cells. : - ; 
However, adenoviral DNA does not integrate into host nuclei, but nonetheless it persists in : - 
postmitotic myofibers for up to 6 months. Herpesviral and other viral vectors are also being 



remar^l^g^^ : 

One advantage is that this type of therapy does not possess the biohazard that many of the 
currei*yiral>e^ '- r 
5 Myosin: Heavy Chain Proiiioters 

one ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^(iv-. 
apparatasis^Me^y^^ 

20 ' ; 'In^a^tf-n^^ 

25 . preslMt^^'f?-«fe^ 

de^#»l^el^p^iK 
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prompter,;:, TRE, and;lTl]^;are.ta : . 

the €i a-MyHG^prp^ the elgmen^^ -effects, on v 

transgene expression, neither single mutation abolish^ -expression , 

howeyeiyeach ;T^E;alone. oiJy^ had .abputi l$/o q£(npnnal [ajgtg^Jy^; MjJtating* bpth^elements 
5 rcsij 1 -tc'd; in*: & £C,6mple^ ^the^^ ^under?^ < 




entire subject* animal in which' the gene :6£iht<m;rt; ? 
ztl f Suc6i^s%!^ 

30 transgenic- inyesti gations in th.e,^ to- driye <\i Qi 

expression pf^ the transgene v of interest.^ 6fi \ 

driving,;^ expr^ssipn^ /St^^f-an^^ 

comp^rtin^nt-:rsp9cifi c , fehiQ^ expression. Gprresppridirig: ;t6/;>|h$? % 



15 



25 



propdrtio'nal toi'tf ^sgene^ copy ' nMber;' : * Th£%>f se^'P^ft^G ^p^oter disf » - 
develqpli^^^ 

the ^^S0^MM^^S^^0^^^w'0^Ui:^i^^fli 'i^^'-feiC^f. /M&? < -iit$& snc^ry-- 
prori^s^l^^ 
and tiMs^efioi^ 




10 suc^M*^^ 

heterologous use of flie murine myosin heavy; chmp^^^il^^Ml^^^lfefef 
transcription of a target transgene in the pB^off^^^^^^^i^^^^^^^* 
resulted^^i$entt^^ •■ 
■ Use of^Tusc^^ wsrfwwg.jriV 




muscle 
genes 

neede|pl^e^ei^ 
ver y 



20 myotub 

su^ftaihaB 




' . H y^. 1 ^^: ^ ^^^: for: 
istorlidvstiriol}^ 



restlrply^ b e 
30 ' theyiit^ 
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DME)"in mdx mice. The a-MyHC and P-MyHC: promoters are prime examples of such 
muscle-specific regulatory, elements^ , v ; v • * .> r w ; v : , . ; : . , > ; : . , 

Non-muscle specific disease expressipn-vector for genie therapy . ;v < ..;<. s -iX^ j'.-V. ■ 

U1 ^Altemativd ^-excellent ^ j site^^,th^productiB^ of genetically * 
engineered -protein^ that.may. ,bg ^ ^dra^utic foi^eondttc^ ^^prim;#y ? myopathies,^ 1 
Forcjsx^ple^spepigs ^qnhemop^ 
for jkidney fib*y^ v ;&^ re^ic>n,* ; ;^ y^ejy^ 

immunorejection. In addition, vaiccmes caate^ 

fas© XUMZ ^rc*;£^ ' 

, The. study <'of r the e^dioyasc^ use>'of- rr 

facets, okthe^^^ 
the gqi-^ 

bee^^l^^^stegi^Kesfe tech^ - - 




prq^e^tHe^ : #£tei&^ e^Jj^^^ 
transitions^ 

failureTA.GajdidMascul^^disease 
Th^reji4;^ja'^ 

of cardiovascular -disease^ at * ; allileyels (molecular rt&whole ^ ^oF^ef^tOKdissect^the^'hr- ■ 

pathol<^ic^^ v >v i 'flBft ^ 

.^ Cl ^ec^e^o^h^ 
low cost of maintainirig l^rge ^'lomes^igjEjst^ 

syst^ c tp^date, haye,us;ed^^ teaMgenic; rats ha>{e; bjeen . studied. 

Ho wey er- Jthe 1 mouse, and ^rat f dd^vhoi accxiratbly^reflect p©tehtialfe '6 f \ tiumaii;^ ^ . 

cardiovascular physiology.^- aime t df at duplijcating ^ 

human^pathologicd ; bf hum^i , genes [in . 

smallymamm^ 

be ^s^rprising -since the : mimne^ hee^; differs f from c the^; human ; in : severalr^yery significant^^ 
featoesr; From a fim the mquse^^ - 700. times per minute; - w 

and supplies cardiac putput for^a bpdy : m^s^of-2Q^4Qv ^ In; contrast, the adult human - : , 
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15 



20 



25 



30 



95 kilograms: ^'JThe divergences- r^ee@^tii^^lecuiar level J^FpF-f r 
example, the most abundant transcripts of the cardiac sa^^^hp'^^^h^i^^im^''' 
(MyHCs), are present as two isofS^^fe^^^ ' 
"slowfebeiiilp^ 
of A^asjgfa^^^ 

vent*i$91b&prM£^4^^ •: 

In addition to the molecular and physiological differences between the mouse and 
human heart: the cteHengejs^ and .'^B&^&^^^^^^^^^^^^l^^^^^i'^- 
mammfls^irii}^^ ' 
to stuTd^Uli^&us^^^ 
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between mouse and human. At 200-300 beats/minute, the rabbit has a significantly slower 
heart : rate;than the mouse and appro^ a human neonate. ;. These physiological 

parameters ^*m^ rabbit an, attractive; model for cardiovascular research since; the ^ 
modalities available:^ e valuation /of human cardiac function- ban be more= readily ; 

5 adaptedvfor tiie.rabbit- hearty* : \[\ ^ ,;.•/.• ;i } ^ =. ; _ -;r ^r- - i-i'^.i^'^i^L^i^h^'^: :t ■ -An'- : 
Muscle function in non-murine transgenics t * ^ v i S 

transgenics;^ 

and ^i^S^ profeiinjpn^^ 
1 0 vcrsign^ £ t 

fe^*^ in^nfion v^lh^ecome 'i^are^^n ; 

iho'sgij^jsk^ ^ie^ <^th(^^ ■ 

15 ' ;aR$;-^$$^ ife 

.aifr ' hea^M^i^ 

hai {&cn^#t^i^^ > 
20 r 9^ity^^ '.OS: 

i nc luucs ex on - i ntron. splicing junctions and a , strong ' tr^s^ 

arc three slop cod^ /V - 

Thfesc ;c*4&^ : ^c^stmcts;:" ; (otfG AT and- (VCATf 

25 respectively) arc free : 'of cloning artifacts knd thus werb used: iri^ ■£-£' 

rabbits wi TB^rjnS3ifickti ttei^onicifer sequeiice and . CAT reporter gerie were^exci^if^T; 

from the plasmid by Nbt I digested the desired fragment isolated by gel punfication and 

subsequent dialysis against TE (10 A mM Tris, pH 7.0, OilmM EDTA).;, V\^,^S> W;\k >s < 
For other types of experiments, the promoter itself is excised arid siibcloned into the i 
30 vector, virus, plasmid; cDNA, or other delivery mechanism of choice. The promoter will \ 

then be used to express exogenous ON A. " ' ; *' ; >.rt^>-\) 

The murine promoter , described in Example 1 was used to produce a .rabbit .1 

transgenic as shown in Examples 2-9 / * .v 






20 rabbit 
for 

Confirtried FO animals ' JiM^ ^&M^w^ ^mmm^ m^i^^ M mn: 

Integfap^^ { ^tc§^xH ^ 

Mosaic - ' as?. f|!£etici ^! im(;4 ^.d^^vii 



^pie^MlMetiglftr 1 
generajtibnsqf trl^^ ^ 

isolated by gel purification and subsequent dialysis-against TE (it) i^<^^^^|;#l'i^5sa. t 

EDTA). , j^^^.^fr^^^BB'i $b;i>r; '; - 

The stnrijjflfh^^ 

P ro ^^e:toitfte^ 

'expenrinei]&^ I: , . - ' 
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lysi 

non-tran$genic buck. 
hiMairctip^ 
15 ' harve^^frofc^^ 
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Germline * ; y^,-./ ^ I : ^ .r. 



Numbers includeour^ f, . 
MyHC/CAT(p/CAJ) constructs. .... . vV ~ f . 

Diploid copy number was determined with DNA dot blots using a 3 ?P-labelled CAT 

f^; iwxri&jfe s^iiia nbi ..m^jt, o^&jc.- 

cDNA probe. The blots were , placed on a phosphor screen, the iihage 'scanned with a 
STORM 760 machine and the results analyzed using Image -Quant, Mac 1:2 (Molecular 
Dynamics, Sunnyvale, CA). The overall success! raters shbwn/jri Tabled 1U iFrbm 1000, 
reimplahted embryos, 87 liveborn rabbits were obtained,.- of which Th were . transgenic. 
These results gave an overall efficiency of approximately 1%, (approximately 13% .for live 
born rabbits). The success xaterfbr ^ trajisgenic .mice approximately 

25%. . Thus, the success rate f or; rabbits was i6ss than?the. success withlfhicef but similafHo 
what has been reported: by .others ; V : . v-: ' . / - ' . ; : 

It was noted that, the degree of : mosaicisfe 
;e in mice; but was • riot,: sig^ published experiences/ in other 

^oratories. The increased -irieidericei^of; transgenic^ mosaicism iri- tabbifeis^ikely dub t~ 



rate 



laboratories. * The increased -irieiderice; of- transgenic^ mosaicism iri : rabbits : is : likely due to 

differences between mice, and r^tf bits in & . ; 

. A' total of seven ,a/GAT.^:fo the 
llbtiiZ ■■>; <rl '^^^ J; 
transgene to the Fl generation : in a:, pattern* consistent .wittf gerinline^'integratiori^^^^^ the, 

transgene (i.e!; approximately :6ne-half of each FT litter was transgenic) • In the lines witft' 

few or no trahsgenic^offsprihg^ an^ embryonic - lethal phenotype is^fomially pds^ 

unlikely given the extremely^ high : ; leyels.% protein: that some .lines 'demonstrated 

without. any apparent pathology. -For the analyses reported here, threevtrafisgenic .lines were 

\-, . : EXAJv#IiE 3 /: : - : V : v : 

Cardiac expression p^erriscote aridCBiMvHC in the, transgenic; rabbit : ! . 
Non-transgehie rabbits ages 3-5 days, 8-12 days, 4-6 weeks, 8-1 2, weeks, and > 16 
weeks were sedated with intramuscular '■- ketamine then euthanized with intravenous 

pentobarbital. After the heart was : quickly, .isolated, atrial and, ventricular, tissue, was 

;_ v , \ • -^rt'^ -yh'rmc y$U**$m?i ' Hl-^- .V; -^''^ :\: :;rirrn:^ r : <;i~xmtK ' 

dissected and frozen in liquid nitrogen. Total RNA was extracted with TriReagent ^ 
(Molecular Research Center, Inc v Ciriciniiati, OH). RNA dot blots were performed on 
nitrocellulose with atrial and ventriculair total RNA using one microgram of total RNA per 



10 



25 



dot. All "hybridisation steps were^ performed. in £ .ff°C~^i^$M. iS^iSS^^^S" 
wetted- with 0.2X SSC for 10 m}nutes, firM^^ 




instrucfio^s/fB^^ 
with'eacti-ariafv^ 



was 



30 ' tesISs^^ 

^Inl^l^ 



of a- 



In order to. determine the .sites of. MyHC prompter activity, endogenous expression 
a^MyHG :and p-MyHG, in the. rabbn 




1 



i;" :JS||| 



tif ; .^jjl 



20 ■ 
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expressed only the "fast" a-MyHC isoform at all ages tested, consistent with the published ■ 
expression pattern of a-MyHC; In the ventricles, over time a progressive decrease in <\ . 
a-MyHC message with a concomitant increase in the "slow", p-MyHC message was; .>.. 
observed., A significant level of a-MyHC expression in the mature rabbit ventricle was A, 
5 observed, with the ratio of a-MyHC to (5-MyHC in the mature rabbit similar to that of non-. & 
diseased adult human heart, suggesting that like the human heart, the mature rabbit heart. 
retains the ability to further shift the ratio;, of a-MyHC to P-MyHC in, response to 
cardiovascular stress.- >; : ; ^'r ^ ^ ^; : "r- ~ J . - . ' '-^ . 

i^f ejT ?:rivV-'.;rV ■ ^ ^ \ ■ • ': EXAMPLE 4b ^A' : ' $iit> yj r -s. ;v -^[fc / 

1 0 Skeletal muscle expression patterns of a and B- MyHC irf the transgenic rabbit ... 

£iO /The pattern of ;d-MyHC| arid, p-MyHC expression in a ' variety of skeletal; muscles ~r> 
w^iekairiined smce jrabbit tissues that normally express d^MyHG or i p-MyHC are. potential? inn 
site^.for mp^ 
extractedf^om 

15 tongue, and diaphragm of 10 day old, ; 6 week oldj and 16- week-old .rabbits. ;H^ey Ayere; :j;(Tj 
hybridized- withVthe. arMyljiC, P-ivIyHC , and G APDH probes /as,, described; in -Example ; 3Vi:,7 
, Alpha MyHC isr^ 

days. Both a-MyHC and. P^MyHG are expressed in the diaphrkgmy witb a-MyHC present 1 
at low levels-: a£ all P-MyHC Inbre^ing|w^ 

20 expected,: the: ; soleus mifiei^^ 1 
level of a-MyHC detectabl^; at j 0~ .days but .not at 6 -weeks or 16 weeks; 'Beta MyHC.^j } 
expression was demonstrated aty very ;lo wj levels' in the : biceps and gastr ocnemius at all three v • j j 



timpoihts assayed. ./ y^v-r^^— ,^--,/'T^-->;r-^r; ./ * • A r >~~.-< . .^"^f * 
• • \ :< •; • ! ' "\ • ;-| • ' • a/-": ; : . i 

The results discussed'here r a[s' well' as those from otlfer 'wbrkers'demohs&ate that wild ^f'' 

25 type rabbits have significant^expression of the" fast a^MyHjC is'pforirfin the maissetef : Also; ~ J 

both fast a-MyHC and the slow/p^MyHC isoform; expression is~seenin~the diaphragm, and; "^rl 

slow p-MyHC isoforrn, expression in ~the~sbleus. y TTieser results 

determining if the mouse a-MyHC and ;p-MyHjC promoters would be active in the rabbit ['f t 

muscles that normally express these isoforms- Accordingly, CAT ELISA's were performed ;; T r : 

: ) -.. -■ - .. ■ ; .. , * ; - - \ ■■ *■ ' . • l ' i 
30 on multiple skeletal muscle tissues^ including the^ biceps, vastus lateralis, gastrocnemius, 

tibialis anterior, soleus, : tongue, masseter, and diaphragm. 1 : - " - 1 — — - - J 

..... Figure 3 shows the level of CAT expression in the. masseter, diaphragm, and soleus , 

as determined by CAT ELISA in lines 286 and 290 (with 2 and 14 diploid copies of the 
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. r Homogeneity of GAT expression in tissues 

.. To : see whether CAT was - expressed; ^homogeneously, CAT in situ, , , 
immunohistochemistry was performed on papillary muscle from an 8-week-old F2 from the a 
Wgh-expressing line 290 figure 2) . ; , A section of rabbit papillary muscle was obtained, 
5 stained, .with anti-CAT antibody, and examined under darkfield microscopy. The results are^^ 
shown c in. Figure 2 where "A" corresponds, to Alpha CAT line 290 papillary-muscle and "B" ;• m 
Nontr^sgenic) papillary^ muscle. * CAT was distributed homogeneously throughout ; the . A 
muscl^. ? :ThQ staining protocor beenrdescribed in detail elsewhere (Knptts S, Sanchez A,^ 
Rindt H, et al.: 1996. Developmental maodulation of a beta myosin heavy chain promoter ; ; % i? 
10 dri\^ tta^ anti-C^T-dijgQxigem^ , antibody 

preabsprbed to rabbit heart powder j (obtained ■from; acetpne precipitation) rather, than mouse; ^i) 

thanj^^n^mbedded ti&ue^ 

1 5 compound ; (MilesV-Iric., Elkft^,i; ^ ^micrometer ciy Qsectioris> were placed; on ^ : 

positi^l^ch^ tq^r dry for o^ 

ice-cok^ acetone for ^ent)^minutes> Excess acetone r;\yais blotted away and the slide allowed^oo 

to ah^lry ';; j^e tissue and ; jall^ subsequeftt:^ 

perfoi^ X82 r l?2)};,-7 

20 with; i^primsa^s ' Mtibody cpnperitrajic^^ j antibbd^ cpri^ntratie)n ^ot'lM 

1:500, arid exposure time of 24 hours. ; . '•■'\'r^r : M ftxh.l ^U^:^;c^^u 

Vr. Developmental expression in: the rabbit transgenic ; yr •» ' r; ; r V Mvc- I'wOc 
^^^p'analyze mouse promoter activity in transgemc rabbi /the ^ojunt of, &eTeporteri)<fr 
25 protein, CAT S was examined by CAT enzyme linked immunoabsorption assay, ^ELiSA)^-^H 
CAT ELISA^was chosen over CAT transcript analysis (which may not reflect protein >■ ■; ;;o 
accumulation), or CAT activity assay as., a- standardized and: reproducible method* to - -<r> 
quantitate the amount of CAT protein. .< / •; : .-;,;.*.' - • '. —v -v* 

r . ,,Of -the. six cc/CAT lines which had transgenic offspring, three lines had CAT : 
30 expression as assessed by CAT ELISA. The analysis of line- 286,, the only* line to transmit v 
the transgene in a germline pattern of transgene integration (i.e., approximately -50% of each 
litter born to the F0 was transgenic), was performed on Fl generation rabbits, while the 
remaining two lines, lines 222 and 290, were analyzed with F2's. All three lines exhibited a 
different pattern of expression with levels of CAT changing over time. 
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EXAMPLE 8 , ~ , , r ,- 
if>v , ; * ^ ^Endogenous expression of q-MvHC and B-MvHC in the heart - 

; i : . After t pbserving ; such highJe\^ 290; the ue. 

question, whether .JevelSjV^ ; expre0ion; wetq ^ 
5 su J^^£d,vpfesuj^^ 
bec^e 0 a£p^e^ ^ 

the general usefulness of the 5 promoters' for remodeling , heart or ,^kelelM^^ 

complements, _ . \ ... i - . / a- 

10 and^^jj^ ■ ■■' 




20 ■ thawis>m;ost^ ' W : --^i&' 




5). The ddt^ 

is, expi€ssi6n;'6cc^ ieygls ifr^ expfeissi6n,;rarid &so; at 

hig^eyel^in*^ 

muscles [or^lnm on musqletis^ " ^ ' ;nh0:-;vfl a^.' ;^^)i3/"0- '^i^ 
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The generation of technique - m^ engineering the ot^MyHCJ 'MfcjJ- ■■'-■--■^■-^SIl 





human 




pfomp^^p 
propBate ; q 

iitoai^ 1 




antisense : '"gline^ aiiy>:'6^ 
30 engineered" to be expressed / systemi^ MyHG pro^ A ;deliygty 

system is ehdseit ^d then u^ Meres^ 
conSolyto the animal or huriiatn in aii ^p^^ 

injected intraverieously; intramuscularly, or subcutaineously . Naked DNA and liposomes 
will be iniected intramuscularly. Vectors or DMA will; be miYeH with an annmnnafp/hiifFpr 
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and solutions supportive to the virus^l^ ' 
expressed., in^the. rnuslle., and secr£ted&i n^^ tb} the 

therapeutic site. • / ... • ' ' . • . V' . . :.<^&c<rr 




MyHC prompters are --diffgrete^ 



fteren 



(or sMag^||§pb^^ 




1 rii 



promoterSi^whic^shG 



a number of ;usies; for ofidiseases, gene^r; 



r.r 



' 1 - ^' vector! ^^^$fy5g^ a ej^i^^ : 
comprising'.: •"'/'■ .v- "■' : '..""■'0: •-•.;>.'•.. .0il&(itiiHk^s'' : 

a,,proppter.;cbmpn|irig ; a ifi]Mg: my^in%ea^^ chain promoter or: a variant 
5 thereof capable^ ^ . .' \. I 

the A^CN^Sl^^ 

i o ■exo^i?|s^i^f^ % i 

contained in adclijfe^^ 

•"■5: The 

20 geh(is^l\%^ 
from^the group 

\ 9; ^^tojrtof £1^^^^ Selected 
cell^ofilMielc^^ 
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30 expr^ssie^ 
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11. The meth^^pm^ j 
or 3 myosin heavy chain promoter.. 
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12. ,The method of Claim 10 wherein said said promoter only expresses said 
exogenous DNA in striated muscle. . 

13. jXhe method of Claim 10 wherein said exogenous, DNA is selected from the 
group consisting of muscle-specific genps, he^Tspi^ific genes, anti-inflammatory genes, 
antisense E)NA/ ribozymes^ Md system • \- 

14; ^Ther method of Claim 13 wherein v;smd -DNA^ is -a muscle-specific gene 
selected from: the group con!sis^g ,of the DystrojpHiri, gene^tife Dystrophin? mini-gene, the 
Utrophin gerie| and .ymantsithi^^ V '* . t\- ;. . , ' v.. 



1 5; J jThe methpd, of Claim 13 wherein' said; DNA is a muscle-specific gene 

selected from 1 and tiopomyosih " > ; 

1 6. / ^ ,pie. p0th^d 'of[ Claim. 13 whefeinft ^aid/ JQNA is a systemic disease geile 

selected from:tAe:^cm^ ./ i v ■ r * : - f 

,17. ^Hemeto selected: from fthe 

group: cfcnsistihg^f;^ ; : 5 ■ : \^ 

IS. pie;w^ > . . ■ . ■ ; - :;v :.; 

,, 7: \ 1 V--'". 
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